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Abstract of JP2002112397 
PROBLEM TO BE SOLVED: To provide an 
ultrasonic wave oscillating element with 
arranged oscillating directions in ultrasonic 
waves and high resolution without heat 
generation, to provide an ultrasonic wave 
oscillation probe head, an ultrasonic wave 
diagnostic device and a manufacturing method 
for the ultrasonic wave oscillating element as 
above. 

SOLUTION: An inserted electrode layer on a 
piezoelectric material plate 12 is formed and 
patterning the result is conducted repetitively, 
and the inserted electrode layer is inserted to a 
boundary face of the piezoelectric material 
plates so as to form a laminator consisting of 
layers of a prescribed number. Dicing is 
applied to the laminator to cut grooves and a 
metallic layer is formed to the grooves so as to 
manufacture the ultrasonic wave probe head 
where the ultrasonic wave oscillating elements 
10, 10, etc., are placed at once in a planar way 
while interdigital electrodes with the inserted 
electrode layers inserted to the boundary face 
of piezoelectric material plates are whirly 
placed. 
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[0031] 

FIRST EMBODIMENT 

An ultrasonic oscillating element according to a first embodiment of the 
present invention is next described. 
[0032] 

Fig. 1 is a perspective view showing the ultrasonic oscillating element 10 
according to the present embodiment. 
[0033] 

As shown in Fig. 1, the ultrasonic oscillating element (hereinafter simply 
referred to as "oscillating element") 10 is configured by laminating multiple layers (for 
example, nine layers) of thin and flat piezoelectric material plates 12a, 12b, 12c, ... 
while interposing intermediate electrode layers between the piezoelectric material plates. 
On both side surfaces of the layered structure obtained by laminating the multiple layers 
of piezoelectric material plates 12, comb-shaped electrodes 14, 15 having 
cross-sectional shapes similar to comb teeth are arranged. 
[0034] 

The comb-shaped electrodes 14, 15 are provided such that, from the side 
surfaces of the layered structure 13, the intermediate electrode layers 14a, 14b, 14c, ... 
and 15a, 15b, 15c, ... extend along the interfaces between the piezoelectric material 
plates 12a, 12b, 12c, ... . As shown in Fig. 1, the intermediate electrode layers 14a, 
14b, 14c, ... and the intermediate electrode layers 15a, 15b, 15c, ... are arranged 
alternately. Further, electrode plates 141, 151 are provided as portions of comb-shaped 
electrodes 14, 15 which contact the end surfaces of the piezoelectric material plates 12. 
[0035] 

The thickness of the piezoelectric material plates 12 used in the oscillating 
element 10 is preferably within the range of 5-100|im. 
[0036] 

The preferred thickness range of the piezoelectric material plates is as noted 
above for the following reasons. When the thickness of the piezoelectric material 
plates exceeds the above-noted range, the oscillated frequency becomes too low even 
when the mixing ratio of the materials constituting the piezoelectric member is changed. 
In this case, the oscillated waves become almost entirely absorbed by the patient's body, 
such that image cannot be obtained. When the thickness of the piezoelectric material 
plates is below the above-noted range, oscillations become unstable, or oscillation 
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cannot be performed. Further, even if oscillations are generated, sufficient output 
which transmits through a human body cannot be obtained, making it impossible to 
obtain any cross-sectional views. 
[0037] 

In the oscillating element 10, it is preferable to employ a layered structure 
formed by laminating 3 to 21 layers of piezoelectric material plates. 
[0038] 

The preferred numbers of layers of the piezoelectric material plates are as noted 
above for the following reasons. When the multi-layer structure includes more number 
of layers, the piezoelectric layer becomes thinner, such that sufficient output cannot be 
obtained. When the multi-layer structure includes less number of layers, the 
phenomenon of resonance generated by providing multiple layers in order to amplify 
the output cannot be employed, resulting in insufficient output. 
[0039] 

As described above, the oscillating element 10 according to the present 
embodiment is formed by laminating the plurality of piezoelectric material plates 12a, 
12b, 12c, and is configured such that a voltage can be applied or a generated electric 
charge can be received on the respective piezoelectric material plates 12a, 12b, 12c, ... 
by means of the intermediate electrode layers 14a, 14b, 14c, ... and the intermediate 
electrode layers 15a, 15b, 15c, ... arranged between adjacent piezoelectric material 
plates 12. Accordingly, applied voltage per piezoelectric material plate need not be 
increased, thereby allowing to minimize heat generation during the voltage application. 
[0040] 

At the same time, because the oscillating element 10 is formed as a layered 
structure in which the plurality of piezoelectric material plates 12a, 12b, 12c, ... are 
laminated, image resolution achieved by the overall layered structure can be enhanced. 
[0041] 

A manufacturing method of this oscillating element 10 is next described. 

[0042] 

In order to manufacture the oscillating element 10, a plurality of piezoelectric 
material plates 12a, 12b, 12c, ... are used. An intermediate electrode layer 15a is 
formed on the surface of each piezoelectric material plate 12a by a method such as 
plating. The intermediate electrode layer 15a is then patterned into a predetermined 
shape. For example, a portion of the intermediate electrode layer 1 5 a may be removed 
so as to partially expose the surface of the piezoelectric material plate 12a. 
[0043] 
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Subsequently, the piezoelectric material plates 12a, 12b, 12c, ... prepared as 
above with the piezoelectric material surface being partially exposed at an end portion 
or the like are laminated while inserting the intermediate electrode layers 14a, 14b, 14c, 

so as to form a layered structure of piezoelectric material. 
[0044] 

Subsequently, metal layers 142, 152 are formed on the side surfaces of the 
layered structure, while terminal electrodes 141, 151 are formed on the end surfaces. 
Comb-shaped electrodes 14 and 15 are thereby formed on opposite sides of the layered 
structure in positions facing one another, as shown in Fig. 1. In this manner, the 
oscillating element 10 of Fig. 1 can be obtained. 
[0045] 

Procedures for manufacturing an ultrasonic oscillation probe head using the 
above-described oscillating element 10 is next described. 
[0046] 

In order to manufacture an ultrasonic oscillation probe head (hereinafter simply 
referred to as "probe head") using the above-described oscillating element 10, an 
ultrasonic oscillation module is first fabricated. 
[0047] 

Fig. 2 is a perspective view showing an example process for manufacturing the 
ultrasonic oscillation module according to the present embodiment. 
[0048] 

The ultrasonic oscillation module (hereinafter simply referred to as "module") 
is a component of the probe head, which is formed by arranging a plurality of 
oscillating elements 10 in a single row on a single insulating substrate. 
[0049] 

A predetermined wiring pattern 22 is formed on the upper surface of an 
insulating substrate 21 which serves as the base of the module 20. The 
above-described ultrasonic oscillating elements (hereinafter referred to as "oscillating 
elements") 10 are electrically connected and fixed on the wiring pattern 22 by soldering 
the terminal electrodes 141 and 151 of the oscillating elements 10. 
[0050] 

As shown in Fig. 2, a plurality of oscillating elements 10, 10, ... are arranged 
on the insulating substrate 21 of the module 20 in a single row and in parallel to one 
another, such that ultrasonic waves emitted from the respective oscillating elements 10 
become oriented in the same direction. 
[0051] 
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The probe head 30 is formed by combining a plurality of the above-described 
module 20 in a layered arrangement. Fig. 3 is a perspective view showing the probe 
head 30 according to the present embodiment. Fig. 4 is a perspective view showing a 
holder 40 for holding the plurality of layered modules 20. Fig. 5 is a vertical 
cross-section of the holder 40 holding the layered modules 20. 
[0052] 

As shown in Figs. 3 and 5, the probe head 30 according to the present 
embodiment is configured by inserting and mounting a plurality of modules 20 on a 
holder 40. 
[0053] 

As shown in Figs. 3 and 4, the holder 40 comprises a flat ceramic plate 41 as a 
bottom portion. A plurality of elongate backings 42 are fixed on the ceramic plate 41 
while being spaced apart from one another at uniform intervals so as to define slits. 
Grooves having an identical width within the range of 0.05-0.07 mm are formed 
between two adjacent backings 42. As shown in Figs. 3 and 5, each module 20 is 
fixed by inserting the insulating substrate 21 portion of the module 20 into a groove 
(gap) 43 between two adjacent backings 42. 
[0054] 

When the modules are inserted as such, the lower end surfaces of the respective 
oscillating elements 10, 10, ... abut the upper end surfaces of the backings 42. By 
adhering these abutting portions by means of an insulative sealing material such as 
epoxy resin, the modules 20 are secured on the holder 40. 
[0055] 

An ultrasonic diagnostic device using the probe head 30 according to the 
present embodiment is next described. 
[0056] 

Fig. 6 shows a schematic configuration of an ultrasonic diagnostic device 
according to the present embodiment. 
[0057] 

As shown in Fig. 6, the ultrasonic diagnostic device 100 comprises a probe 50, 
controller 60, and display 70. The probe 50 and the controller 60 are connected by a 
cord 80. 
[0058] 

Fig. 7 is u perspective view showing the probe 50 according to the present 
embodiment. Fig. 8 is an exploded view showing the internal structure of the probe 
50. 
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[0059] 

As shown in Fig. 8, within the probe 50, the above-described probe head 30 
and the cord 80 are connected to one another via an internal electric circuit module 51. 
The internal electric circuit module 5 1 is configured by providing a plurality of printed 
wiring boards 52, 52, ... in a layered arrangement. Each printed wiring board 52 
includes semiconductor chips 53, 53, ... mounted thereon. 
[0060] 

The cord 80 includes on the inside a bundle of coaxial cables 81, 81, ... . 
Each of the coaxial cables 81, 81, ... is connected to a wiring pattern formed on the 
printed wiring boards 52, 52, ... . 
[0061] 

In order to perform an ultrasonic diagnosis using this ultrasonic diagnostic 
device 100, the tip portion of the probe 50 is applied to a portion of the subject to be 
diagnosed while the power of the ultrasonic diagnostic device 100 is turned ON. 
[0062] 

When an electric signal is transmitted from the controller 60 to the probe 50 
through the cord 80, the electric signal is conveyed via the coaxial cables 81, 81, ... and 
the internal electric circuit module 51 to the printed wiring boards 52, 52, ... . Via the 
wiring patterns on the printed wiring boards 52, 52, voltage is applied to the 
respective oscillating elements 10, 10, ... . When voltage is applied to the respective 
oscillating elements 10, 10, the piezoelectric material layers oscillate to generate 
ultrasonic waves. 
[0063] 

The ultrasonic waves emitted from the oscillating elements permeate into the 
subject body. A portion of the ultrasonic waves are reflected in the body and become 
reflected waves. In the probe 50 according to the present embodiment, a plurality of 
oscillating elements 10, 10, ... are arranged in two dimensions. Voltage is sequentially 
applied to adjacent oscillating elements 10, 10, ... in a successive manner with uniform 
delay time. In other words, after passage of a short time period At subsequent to 
generation of an ultrasonic wave by an oscillating element 10(a), an oscillating element 
10(b) adjacent to the oscillating element 10(a) generates an ultrasonic wave. After 
passage of another short time period At from that point, an oscillating element 10(c) 
adjacent to the oscillating element 10(b) generates an ultrasonic wave. 
[0064] 

As such, voltage is sequentially applied to adjacent oscillating elements 10(n), 
10(n+l), 10(n+2), and those elements sequentially oscillate to emit ultrasonic 
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waves. 
[0065] 

The generated ultrasonic waves are reflected within the subject's body and 
propagated back to the surface of the subject's skin. The propagated reflected waves 
are received by the oscillating elements 10. For example, a reflected wave of the 
ultrasonic wave emitted by the oscillating element 10(n) is received by the adjacent 
oscillating element 10(n+l). In other words, after generating an ultrasonic wave, the 
oscillating element functions as a receiver for receiving a reflected wave, and receives 
an ultrasonic wave emitted by an adjacent oscillating element. 
[0066] 

Upon receiving a reflected wave, the oscillating element converts the reflected 
wave into an electric signal. The electric signal of the reflected wave is transmitted to 
the controller 60 via the coaxial cable 81, and is subsequently converted into an image 
signal. This image signal serves to show a state inside the subject's body in the form 
of an image on a display 70. 
[0067] 

In the probe 50 according to the present embodiment, a plurality of oscillating 
elements 10, 10, ... are arranged in two dimensions, as described above. The probe 50 
is configured such that voltage is sequentially applied to adjacent oscillating elements 
10, 10, ... in a successive manner with uniform delay time, and a reflected wave is 
received by an adjacent oscillating element 10. By allowing the plurality of oscillating 
elements 10, 10, ... arranged in the probe head 30 to oscillate row by row, and by 
receiving the resulting reflected ultrasonic waves using the oscillating elements 10, 10, 
... in the immediately adjacent row, the inside of the subject's body can be scanned 
two-dimensionally and displayed on the display 70 as a two-dimensional moving image. 
[0068] 

Further, according to the ultrasonic diagnostic device of the present 
embodiment, the maximum strength of the generated ultrasonic waves is increased 
because each oscillating element 10 is configured as a multi-layer oscillating element in 
which a plurality of the piezoelectric material plates and the intermediate electrode 
layers are laminated. With this arrangement, by periodically changing the voltage 
applied to the oscillating elements, the depth at which the ultrasonic waves reach into 
the body can be altered. Accordingly, the inside of the subject's body can be 
photographed thrcc-dimensionally by changing the applied voltage. 
[0069] 

SECOND EMBODIMENT 



6 



A second embodiment of the present invention is next described. 

[0070] 

According to the present embodiment, the probe head 30 is manufactured using 
a technique for manufacturing a multi-layer plate. Fig. 9 is a flowchart showing a 
manufacturing method according to the present embodiment. Figs. 10-13 are vertical 
cross-sections of the probe head 30 during manufacture according to the manufacturing 
method of the present embodiment. 
[0071] 

In order to manufacture the probe head 30 of the present embodiment, a 
substrate 1 made of an insulating material such as ceramic is used. First, as shown in 
Fig. 10(a), penetrating holes 2, 2, ... are formed in the substrate 1 by drilling at 
predetermined positions (step 1). 
[0072] 

Subsequently, using an electroless plating technique or the like, terminal 
electrodes 3, 3, ... are formed where the penetrating holes 2, 2, ... are created, as shown 
in Fig. 10(b) (step 2). 
[0073] 

Next, as shown in Fig. 10(c), a thin piezoelectric material plate 4a is laminated 
on top of the substrate 1 having the terminal electrodes 3,3,... formed thereon (step 3). 
[0074] 

Subsequently, an intermediate electrode layer 5 a is formed over the 
piezoelectric material plate 4a by patterning, as shown in Fig. 10(d) (step 4). 
[0075] 

A known method may be employed as the patterning method for the above step 
4. For example the patterning method may be described as below. After applying 
photosensitive resin, exposure is performed via a mask pattern so as to develop a 
masking layer (not shown) having windows at predetermined positions on the 
piezoelectric material plate 4a. The intermediate electrode layer 5a is then formed by 
electroless plating or the like. Subsequently, the masking layer is removed. 
[0076] 

The intermediate electrode layer 5a is patterned such that one end of each 
intermediate electrode aligns with one end of a terminal electrode 3, while the other end 
of the intermediate electrode lies on the inside of (without reaching) the other end of the 
terminal electrode 3. 
[0077] 

In the above-described manner, the lamination of the piezoelectric material 



7 



plate and the patterning step are repeated as shown in Figs. 10(e)- 10(g) (steps 5-8), so as 
to obtain a layered structure 1 1 as shown in Fig. 1 1 in which a desired number of layers 
are provided. 
[0078] 

Subsequently, dicing is performed with respect to the layered structure 11 
formed as above to create grooves 6, 6, ... (first set of grooves) as shown in Fig. ll(i) 
(step 9). 
[0079] 

Next, by covering predetermined portions of the layered structure 11 with a 
mask and performing electroless plating on top of the mask, a conductive layer 7 is 
formed on the inner walls of the grooves 6 and on the upper surface of the layered 
structure 11, as shown in Fig. ll(j) (step 10). It should be noted that the conductive 
layer 7 is connected to the electrode layers 5b and 5d. 
[0080] 

Subsequently, dicing or laser beam irradiation is performed along the grooves 6, 
6, ... so as to cut away the bottom portions of the conductive layer 7 (step 11). The 
conductive layer 7 is thereby separated at its bottom portions as shown in Fig. 12(k). 
[0081] 

Next, on top of the uppermost piezoelectric material plate 4f, one more layer of 
piezoelectric material plate 4g is laminated as shown in Fig. 12(1) (step 12). 
[0082] 

Subsequently, dicing is performed from above the piezoelectric material plate 
4g so as to form grooves 8, 8, ... (second set of grooves) where the conductive layer 7 is 
not provided, as shown in Fig. 12(m) (step 13). During this dicing step, the lowermost 
piezoelectric material plate 4a is left uncut. 
[0083] 

Next, electroless plating or the like is performed so as to form a conductive 
layer 9 on the inner walls of the grooves 8, 8, ... and on the upper surface of the 
piezoelectric material plate 4g, as shown in Fig. 13(n) (step 14). It should be noted 
that the conductive layer 9 is connected to the electrode layers 5a, 5c, and 5e. 
[0084] 

Subsequently, dicing or laser beam irradiation is performed along the grooves 8, 
8, ... so as to cut away the bottom portions of the conductive layer 9 and the insulating 
materia] plate 4a (step 1 5). The conductive layer 9 and the insulating material plate 4a 
are thereby separated as shown in Fig. 13(o). 
[0085] 
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Next, dicing is again performed along the grooves 6, 6, ... so as to separate the 
uppermost piezoelectric material plate 4g, as shown in Fig. 13(p) (step 16). 
[0086] 

Subsequently, dicing is performed along the direction orthogonal to the grooves 
6, 6, ... and the grooves 8, 8, namely, the direction parallel to the sheet of the 
drawing, so as to cut grooves into the elongate layered structures (step 1 7). The third 
set of grooves (not shown) are thereby formed in parallel to the sheet of the drawings. 
[0087] 

As such, the probe head 30 having a plurality of oscillator elements 11, 11, ... 
as shown in Fig. 15 arranged along a plane can be obtained. 
[0088] 

According to the present method, a plurality of oscillator elements are formed 
in bulk by alternately forming and laminating piezoelectric material plates and electrode 
layers, and finally cutting grooves by dicing or the like. Accordingly, the directions of 
ultrasonic oscillation by the plurality of oscillator elements can be oriented in the same 
direction. As a result, a probe head having high resolution can be created. 
[0089] 

According to the probe head of the present embodiment, because the oscillating 
elements formed by laminating a plurality of piezoelectric material plates are arranged 
in two dimensions, three-dimensional information concerning the inside of the subject's 
body can be obtained. By performing an image processing of this information to 
display the information in the form of a three-dimensional image, the examined part can 
be indicated three-dimensionally. By performing this processing in real time, 
three-dimensional observation can be achieved, such that early detection of an 
abnormality in an actual movement can be facilitated. 
[0090] 

Further, according to the probe head of the present embodiment, because a 
plurality of piezoelectric material plates are layered, output can be increased, and a 
larger gain can be used. As a result, a sharp image having a high contrast can be 
obtained. 
[0091] 

Moreover, because the manufacture can be performed in an array structure, the 
group of ultrasonic oscillating elements can be assembled in bulk. As such, variances 
in mounting angles of the individual ultrasonic oscillating elements can be minimized, 
thereby almost completely eliminating the need for adjustments after assembly. 
[0092] 
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As a result, a precise image can be obtained using a simple adjusting circuit, 
such that in vitro detection of small diseased cells and tissues at an early stage of the 
disease at a high diagnostic accuracy can be facilitated. 
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— 3©*afc LTEStt*4«^©EP*n«E£±lf47J;£ 

*l4o 

[0 0 1 1 ] 

[0 0 12] &W;&:?ci-:?©fcB73£lR]±$-t*4 
t5-^;Si LTE«*r«tt«)aJltt»*i|^-f * 
b*l 4 o 

[00 1 3] LA X E««fifi<0»«tt»*l|^t» 
E*tt*«a>£lt$fea. * w £ *<« U>i O 9 NB 
#*4. *©fc»W:*lkfl>IMi*^tlll»E«+4« 

[0014] **wi*±Ett*0>MB$«**4fcfti= 

fc$*lfcfc©T?£>4. 

[0 0 15] iP*,*^!*, C£ ft 



[0016] ffi**fl>*B*A<J!>Bofc 
tt*a«a«*. HMM^o-^vH. B*£B 
aaB&tfttE0>J:9&B***a**©B»aa5$a 

[0 0 17] 

ibb***-* 4fc*>©*ai *««®aaa*B* : F 

l*. BB«>EBanB£BB LTft4E«tt*WIIH* 
«!: . WEEl#*4aiH*©-7j ©fflijafliJA^bteT^rofliJ® 
CftoTfHE«IB*4ifcE«tt««fl>ni=^Hi**ifctt 
»fl>MIBaB**1-4B 1 ©«fi*«fc . »EB 1 © 

Baaa&ttiRiEfiSih.. Mies 1 ©«S!«tt <MMi* 
atttSL^tMcirBE«*tfi«<Diai-^»**ifctt*' 

C^HIWIttt 2 (DISS!!!® t £*B*4. 
[0018] *flWJ©«»a««^P-^v Kl*, h5 

EI6LT&4. 

[0 0 19] ±teM#;SHil^a-^^'V KlzJSHT. 

*rEa#»*a«*i*. 3-2 1 BoEBttaaeaa 

[0 0 2 0] ±IBtt#a«ji^P-^f Kl-fc^T, 

ffremiKXMT-tt. -B3fcyw*5~i ooj/m 

©E«»««*««Lfc«ll#-e*4©^»*Lt^ 
[002 1] *»H<DB««»aB*©Bifta5ili. a 
*±l=*afl.fc*fl.-f ftXSi:, ttEXa?L®BBl::B 

«ii^s»j«-r*xafc, iHE«a*^±i=E*«»« 

S«g-r-5XSt, «]EEBtmBa>±l=tfBBaaS 
»rt1-6X8t. HMMHfaaBS/^-^^LTW 
EEa*m«©S®©-8»£SHJSti-4xa£. WEft 

»*t««-r 4X114:, «rEE«*f«*«>±i=aa)*Jf 
*ai*»*t4xafc. frE»ifl!>*M*«ttJi*'<$»- 

= >yLT«fEE«»»tt®affi©-»*Bai**4X 

a t . ttEwaa^ ± tEB*ma * aa 1 4 xa* & 
niiE^a*aa$/^,-->^uTfrEEa*t#4a©* 
ffi<D-fiu*aai$ii-4xa*^(Dxa*ayjiLr. rs 
s<Dsa<o«a»;$»fi£-r4xat, frcan*©-© 
aBi=*aat»*LTirB^»aaJit*aL. * 1 
(oasaas^rttixafc. webb**©. be-© 
ffli]Bic»iRi-r4fflffii=aaa*a*L"caE^aaaa 
saau aE*i©aaaai=»iRiEa**ifc«2(o 
asaa*»a-r4xat*»«-r*. 
[0022] ^siwoaase^p-^-v K©ajt*j* 
i*. aa±icsa?L^*fl.r4xat, suEiJifl-©^ 
Bicaaa* 4xa£. meaaa?±i=s« 
tt««saa-r*xai:, mEEatt««©±i=Mia 
aa 4xa t , aE^-aaaa * / -- > 7 
LraEEattflffi<oaffi<o-a*Bm**4xai:. 

BiJfB^}fieiRU : fitlEayHLfcE*«f«©±lc&l© 

E«»aa*aa-ttxafc. iBEEatt«ttfl)±i=»j 



TCI*] z u U z — i i ^ o » / 



/ k$ - - l TfrffiE**t«tt©»ffi©-»saas * 

-tt-Sxflt. aK®fa*±fcE**mtt£«a-r4x 

8«©8B©-»£Btt*i*4xs*T©xg£ayfi 

LT, 8r£©«ft©«B*£»ai'4xS£:. MGK1 

a©±icaaa*a*art*.*x«i:» aaaa**- 

©£ai=aoT£lM=¥<Tfc«a©ai ©a*aai"4 
Iflt. HUE* 1 ©a©aBfcaBB£»aL"CaEtf 

ww&mz&mt&mt. a&a 1 

**if=4B»$«y»ltSitt4:. aG«Btt©±ai= 

w=Ea*roa£«a*4xai:. a»-r*aaa 1 © 
at*:* 1 ©afc©m©aa*a#«ay ai-traaa i 
©au:jpt7*B2©a*»a*4x8i:, aiB±a©E 

r*xai:. Bfiiam2ro;i©*E^©)egii^i/gTai© 

E«ttl4«SMtB» 2 ©Stlcjfi ot« y »lt *X8 1 . 

«rtB±»©E*ttfi«sttiE* i ©ai=iaor«y#i+ 
©aaaaaa^taiataa-r *x«i:fc*a-f 

-So 

[0 0 2 3] *&&©B*aaBaBI±. ±Ea*a? 

n-^vKt, «rEa*a^Q-^f K©*aaa 

^Jim^l-Bfl5iJMlclll*mEf a»r«>*«i:. DTE 
ft«*SMt«**jWMI L fcE«a*# * 4 

± I = S 5t f 4 x -f 7. ? U -f 1 5 ft fig t 4 c 

[0024] *a«ui*. sBttaasaaaau a 

E«ttfi*l=«E«BliPl'-5J:?lc«ori^4©-e. En 
aa«E£±lf 4 ztU< BBB * ±lf 4 = t *<T # 4. 
[0025] *fc. ±EiStaS6«UR ; f$tt»ffl> a- 

-scti-j^y. ttttt»:tt:rt©»#«»ii«tLTjitf!-i- 

[0 0 2 6] XdEBttattSttBB. 0iJ*l*3~2 i 
B«BLTaB**aa*4Ci:l=J:y. EpflnlE£± 

[0 0 2 7] Mlc, ±E®t;«HJI^n-^^ , v Klcfc 

nr. WEaaaaaa**. -aafcya*5~i o 
o u moummm «i Lfc«n*Tf«i«t 4 c t 1- 
* y . epjidie £ ±if « c t « < rn&rn z fa± £ # 4 c 

4. 

[0 0 2 8] *^B^0jS§-j$^}i^©Sii^;i'CI*. 
W8« ; f©±(=E«»*4tti:rt»««Jii:*XSfc»« 

Lr«)B{*tt©ie#a«i«jR : f*^-r4©T?, epsdi 

E£±lf 4C t U < f|fl!S©fi± Lfcffi*5ft*fi*^ * 
iUSC £4<> 

[0 0 2 9] £fc. *S6W©a©*i£jfcfiaa?-©«$t 

73^i*. aM©wiJffi ; f©±ic^fcor*®w©Ei 



u cti^ttitttawyttiLr^BitticEMsnfc 

St BaBB* R 5 te&t 4 © T* . E*«fl«©a«* 
^-T4ct3!)<1r^4. 

[0 0 3 0] *&H©IE*;ft&Brg1HI*. tt$t©Etttt 
»**«BLrft4ffi*a«lE* : f»*ttS.-Cl»4© 

r% En»niE^±if 4 c t ft < «b«©bhbb«$b 

m&Zttt-QZ 4. 
[003 1] 

[aa©BB©»B] ca 1 ©s»®) eiTi=**« 
©m 1 ©aaaai-aaaaaaaa^uonTBta* 

'So 

[0 0 3 2] Hi lt**lt»«H-flS4H*a*«*^ 1 
[0 0 3 3] Bi ics+idl^^ott****** 

it ltw faft<Dm^t±mmmi 2 a . 12 b. 12 

-i) o 

[0 0 3 4] w*lb©«jil!ttll1 4, 15liBB4*13 
©fflSBA*e>E**m«1 2 a, 1 2 b. 1 2c.-©ffB 

i=jaoT^a*«ai 4a. Hb, uc, -tis 
a. 15 b. 15 c, -t4<sa**irfcy. 01 

*HiB«Bl 4 a, 14 b, 14 c, -t^ 
jlliU 5 a, 15 b, 15 c. -tttSl^atMCffi 
K**lTl»6. *fc»S««1 4. 1 5tEitt8«1 

2aBi©aa»i=i*a««i 41. 151 ttfEB* 

*lT04. 

[0 0 3 5] CCDSEJim^l OlCffl^^Eimiffil 2 
©f?£l*5~ 1 0 0 f/m-Cfc4©A < *f^ Ll\ 
[0 0 3 6] E**m«©»*U*W3*-tE 

mmtuz<D\t. ±Eeaj:y»i^Ea*tfi«-ci*. « 
ar * a a» s ei# *«a-r 4 ** a© a* it a * a * 

rt. «<«:y^!fTL*3cfci=<jy. cti-ciiaif 
LV iU5aH£±i:4frf>T*fc4. ±E«H* 

uai^saaaa-ca. aaasatrffft^ ct*«-e 
tfti>. o$yaa^# ^:ti:§oTLf% $ 

£±C4^b-Cfc4o 

[0037] *fc. c©aaa^i o-ci*. 3-2 11 

©Eatt«ffi*»aLfc»B*£ffll*4©*<»*Ll*. 

[0038] cc-c, Ea*t8ffi©»aa©»*w*e 

I*. E®aA<a<tC4fc©+»fttiS7l*<t#b4xJSLV t 

i^natactf &ra«. ±aanj:y*4 



2 u u 2 - i i z o a / 



[0039] crock j&iMBSi-ft&x&x? -\ 
ov\t. mmtonnmrni 2 a. 1 2 b. 12 c. 
•■ ■ * «h l . . 5 i±wmm 1 2 a>H k a 

4a, 14b. 14c, ••, SU^flHI 
|1 5a, 15 b, 15 c, •■•TrElttffll 2 a, 1 
2b, 12c, •••0-tt-t*l:mE£EpanL*: t Js §t± 
L fc «ff 5 ft if B Sfllitl= <ioT^*©Tf, E«tt«tt 
- & s y <7) ep n d m E £ ± I f $> Z t />< ft I * o -t O tf>\ 
tE£P7JQB#CDfSi!*£ ffi < ffl* * C t /><t? # 6. 
CO 0 4 0] *<D-*-ettft*0E«*m« 12a, 1 
2b. 12c, •••$««Lfc«lfcfcftoTl*4fl>T?. 

[0 04 1] *|= c 1 0 0lSit^;£ir 

[0 0 4 2] ZOH«*^1 0 -Sl-I*. ttfttt 
<DEl*t*4tR 1 2 a . 12 b. 12 c, -JffllL, C 
t0Et«*4«1 2 a<oaSI=^^4ftt'©^;4l=«fcy^ 
UtiSi 5a*»jau LTffi^roJB 

ffi1 2 a CDS® £g|5#MlcBiii 
[0 0 4 3] c©*5l=li»fl:£-»l=E*tt 
*4S® t3<mm LfcE«**«*E 12a. 12b, 12c, 
-£ML. 4Hft«Jf1 4 a, 14 b. 14 c, •••*< 

^#**ifcE«««©a««:*»»ar*. 

[0 044] L*^*IC»Sf*(0fll®IC#Sl1 4 2, 
1 5 2 . immzmi- 1 4 i . 1 51JML, H1 

1 5t*<»fi-r4tlBlz»*a?*i€». *<LTBMI=# 

[0 0 4 5] ;^lc±SBSEfi^ : f1 0£ffll^TJg#SEf6fi 

[0 0 4 6] ±B*»**1 0*&ffl*»*«:7a-? 
^•vh* OUT. J|t|= r^a-^/s-vKj ) £§H 

[0 0 4 7] ll2li*||ffi^Slc0f > §JS^;filE» ; Evi 

[0 0 4 8] tt*a*«*i?i-;u («T. Jdl= 

tl^o) I*. -tt<Dtft*tt»tt±Ktt»fi©ifi 

*aies3is^i oA<-5i)icieigjnfc. ?a-?^y k 

[0 0 4 9] ?ya-^2 0<D±££ ft&$&$tt£S*£ 2 
1 cO±ffilcliF/rS<DiB^/<^->2 2AWcHtJi 
y. C<DiSf8/^->2 2±l=±j£Lfcffl#»SES*^ 

(JUT rflSftJU^j £1^. ) 1 O0M?tfl1 4 u 
tf1 5 1 */\>^f*lfr4Ci:l=J:ye«**l. ns$ 



©tt*tt*tt2i±iciitt»fla>*«* ; M o. io. 
••■tf¥frK-Hi::EH**iT*>y. #*«**10. 1 
0. -^&«#b*l«fi*a©*fil3&<HC*fi*|S)< J: 
?KftoTl^£>. 

[005 1] ^D-^^-> H3 0li±fBO ; Evi-;U2 

«»«l=«4^0-^5» K3 0fl)fiaH-C*y. 04 
lt«» L fctttttt© * * a -./U 2 0 *fti#T 4 f 4 

0 a*tiBi-c & y . a 5 asm Lfctttttta* 

2 0££#Lfc*^?4 0roSifiBi®Bl-C*)i). 
[0 0 5 2] H3&u:ill5lciFLfcJ;3l-. *S)5SflJS 
icfti^a-^y K3 01*^^4 ocaftttroty 

a -A- 2 0 £ 8 L X-m l J (4 If fcfcjt t ft o T l> h . 
[0053] @3&i;ia4 iC^Lfct?^. *;U9*40 
liWttco-fe^s -v^ffi4 i £|gSM::«S*.. -e<D±l-$IB 

h«l=HS**iT^4. K l JS5/^7 + >f'4 2t/\ 
•j^^'J' 4 2 tWRSIKIiO. 0 5~0. 0 7mmC0-J 

<D*gfl)3l*<»fiE«3F*iTL>S. H3&L»:BI5lc*-rck9 

|C, Z<DJ\y5->'74 2 t/<^^4 2 tCOP^COjH 
(4f-W^) 4 3lC^Vi-;U2 0<D$fe^14St5 2 1gP 

# £ £ L at; C i |r «fc y v 2 0 A<1S $ -5. 
[0054] CKDtik 0, 1 0. -OTim 

Mtf>tv*>?4Z<D±%iW\Z!!hmtt><r>X'. Z<DWA 

&x#*->tijmui:<Di!Lm&&±#®X'tiiitt>zt\z 

J:y^Eva-;U2 0£*)\,V4 0\Z®&tZ>o 
[0 0 5 5] »lC**MS»»l=tl*^n-^^K3 0 

[0 0 5 6] E6l**SS«SffJ!8l-fil'5fi#JKI^BrgScD 

[0 0 5 7] m6\Zif:Ltz&5lZ. CCOffi#»Btga 

1 0 Oli^O— ^ 50(t^>hP — 760if^fb 

-f 7 ot^6«rt**LTfcy. fn-^soi^hp 

-7 6 0 irCDPa'JIia- K-8 0T?t*8f SttTl^. 

[0 0 5 8] H7li*Rlfi»ffllCff*^D-^5 0«>fi 
«0T*ifcy, H8l*^D-^5 OOnmSrflZKLtz'A 

®mx&z>o 

[0059] IH8IC*LfcJ:ai-. CC0^D-^50T- 
ItiaLfc^P-T'A^ K3 0t3-K8 0<!:*<f>gSli« 

2. 52, •••£afefctwfr&*rt*;h.Tfcy. &?y 

>hE«*«5 2. 5 2. -©±lcli*»tt:^^^5 

3. 5 3, -A<S&«?F*l-Cl*&. 

[0 0 6 0] □-K8 0rtl-l*tttt*fl)H<i^— ^;U8 
1.8 1, -<0*A<rt*i*lTfcy. 
;U8 1, 8 1, -(D-*-*4<*^y>hE«*fi5 
2. 5 2, -±U»*i*lfcE«/<*->itt«l**lT 
^•5. 



19Bfl z u u <£ — i izjy/ 



fc#®T'. ?D-7 5 0<©jfe«»$tt«*fl>«!*«»«' 

[0 0 6 2] hD-760^ba-h*8 O^tfl-LT 

1. 8 1, rt»*»@tt^i?a-;U5 1 *«Tft^ 
'J>hE«*tR5 2. 5 2. -fc«JMH|4<a&*l. 7 

10, 10. •••lclEA<W*PiH*. 0. 
10, •••l=»EA<WtoS:K*iEtt*ra«tf«»U tt 

[0 0 6 3] bftfe&#£l*ttW* 

4. *se»»*i=«4^n-^5ori*. «K 

roHS^IO. 1 0, -4<-*5cMI=E»**lT*J 

y, at** 1 o. i o. -i=ii-soa*iB* 

W?10 (a) fi<g*S$£&Lfeftft'JMI»MA t 

gii^i^^ii^Ti o (a) kbhm-****^ o 
o (b) i=»«f «*»rti o 

(c) *<ffl*a*£36«*4. 

[oo 6 4] mm\z. »&t zft&m* -\ o ( n > , 1 

0 (n + 1) , 10 (n + 2), •■ICllI^aaA^PSD^ 

[00 6 5] 2gffi£ftfc*8^&l4ffi£<*CDt*l*T< 

eiftLTtfcfiWSEI^Sl^SSS^I OT-gltlXbti 
■5>o ftxIfaSJR^I 0 (n) frh3ti£t>*liz®.mfcV> 

&$mmmti>%mm*-i o (n + D T-gitJjxbix 

[0 0 6 6] fi»aSSfi-T4t, &a*?li5l**$ 
8 1 £*iT=)> OlCitbtU CCtifM 

[00 6 7] crott. ^HJg^co^o-^5 or* 

I*. ±ELfcJ:9l=tia<D«JI**1 0. 10. 
*SMlcEtt*;hTfcy. 1 0. 1 

o. -i=tt-£a>atinn«ttTMjUi«MicftEA<a 

K3oicEtt*nfca»flD«a«^i o. 10. 
juroaasi*, T?*fctt»a©s»**«< , »y©5ii 
ofgjifft* 1 o. i o. •■•■cft«r*cfcic*y. vtt 

KH^t LTf-fX?W 7 0±lcgjFt?t-5„ 



E£»»iMi=Efc $-t*i>c t ic j: y tt#a<Dftrt^©si 
asasafcStfacttf-c**. *©fc«>. w»aE 

[006 9] (ft 2 ©HJ&ff*®) 5fclC*«H0ft 2 0)31 

[0 0 7 0) *H»ttTI4. ^D-^»;K3 0$# 

^-5Sit73;4(7)7D- i ? Lj r- KT*y , |10~|1 3 

4SK3I73 ;4 r I5iii4*ro ^d-^'n 
K3 O0SlBr®Ht?&4o 

[007 1] **»»»!::«■&:?□-■•- K30£M 
$"fHl0 (a) ic^-r^^lc, t7S'> 

9 4:^0)natt«maa>atf 1 ^tu cmsia) 
BfSttai=*?iL-ciiaTL2. 2. -taart uf 

[O 0 7 2] ^ICCtlb<DJia?l2. 2. -»rtaBri= 

*k?tm* 7+f©ai5ffl^t@ 1 o(b) roj:aiciffi 

*««3, 3. -ZtetfL-tZ <.*tV?2) . 
[0 0 7 3] #U>T-EI1 0(c) (DJ:-5I-. as^f-l:® 
3, 3, -JMLfcitt 1 C0±lz3|t^Em«l*tfi4 a 
£««-*• 4 „ 

[0 0 7 4]*l:l10 (d) ©j:5lcEatt««4 a 
(0±l=/<-?-=.vyLT-ft-»«««5 a (X 
T?:?4) . 

[0 0 7 5] Z(0/^-->^'0)73;4t LTI4. 0Qa.l* 
S«LTEl*ra*4 a±(0iSSttBI=Sa<»rtS*lfc 

1 * RS-f 4fc ?««&®«a *<*lf b*i*>. 
[0 0 7 6] :0)i:tlD^Mfil5aU:. 

3 <D-i|fcai\ fr-o. mmmm=t-n&3 

[0 0 7 7] tlTIPI&lcLT, ID1 0 (e) -10 

(g) li*-TJ: ; 5l-El^*'«<73«)ii/^-->^i: 
£«yaUrfcl* Uf^5-Xf'^8) . 01 1 

( h ) izin itz j: 5 ummmmtums l 1 

1 £*#4o 

[0 0 7 8] SKIC. C5UT»rtLfcWat*:i IKftL 
T^-f •»fSff'SL\ 11 1 (i) iCipLfcJofcft 
1 (Digt LTro;g6. 6. -*»J*r« »t9^ 
9) . 

[0 0 7 9] $i:!Kl<tl 1 ©F/r£SP#£-7X4^"yL 
(j) ICttUc^C:. ^<*^7^;I6. 6. -CDrtS 



■mm e. <j \J e. — \ i c. o s i 



0gfcJf7liStIJl5 bRI/5 df tm<r>Tl>&. 
[00 80] ifcf::S§6. 6. ~lZ : ,Q?TmV9<( 
C:«fcS;itJ)tJ. Xlib-^-ft£?WSi:*£J5SLT (Xt 
•^^1 1) 2gttli7 0)]fSf!£tj]iJgfU 01 2 (k) iz 

[00 81] LJti^&lc. g±SP(DEl:«*1ffi4 f ©± 
IC. 11 2 ( I) Ic^LfcJ^I-SUt^-tt. Eltt 

*4ffi4 gsffijurs af^i 2) „ 

[0 0 8 2] <fclcEt#*4ffi4 g©±frb?'f 

i v di 2 (m) \z^uz&r>\z&&m-i t&wm 

1 tOT&\z%2(D%tL-Z<r>mQ, 8. -£»JJ?rt& 
(7.x 3) . croirtO^-fv^^'-Clt-STO 
Em*«'4*S4 alitf)f0TL&l^fc<. 
[0 0 8 3] tfa^Eltt*'}^ gO)±®fc c >:U : ;S8. 
8. -<DWIIIC»1P> -y+^if^JSL. D13 (n) 
lC*Lf:<fe5l-. S#Jf9£;g8, 8, -COI*llltE« 
W*'4*fi4 g±SI::ffiij£-f £ Ux-v^l 4) „ te&ZO) 
9 5 a , 5 c&tfS etSgtfoTO-So 

[0 0 8 4] #lC;g8, 8, •••iCjti-pTStfSV v>7 
U— tf-3tRS|t^ t'^tS LT 9 ©JlSii&lMfeji 
«*'4ffi4 a^t^tjgtL, 013 (o) |C*Lfccfc5IC« 
ttlf9;Rl/*£*i*«4«4 a Z'AM+Z (Xt??1 
5) „ 

[0 0 8 5] L^6&l=IStf;?§6, 6, ••■|z;ti-3ry'r 
v>?£frfcl* Wt'^16) ,1113 (p) l-^L 

[0 0 8 6] afcHT?, ;16, 6. ■••&l/,1§8. 8. 
B£-f StViSK in*,*ft®lc¥^T'S73(S)l-t^'fi/^y^ 
*T&oT*ffl*l^glltt©S|!#£;S#y U S3CD;t (0 

[00 8 7] ZUT11 5lC*LfcJ:3fc*t!l8!©#S«i 

-^•v K3 0£»3 6 

[0 0 8 8] *8»m<D75;i-e.!*. E««*'«i«ffi 
>££flfflLTl^©-e. aSJt©2SSI§ii*©igt;K#gJI73 

[0089] *mm*m\zm%yn-y^y ktm*. is 

ft* 'J 7)15 4 AT&T'S 3 C i IC J: y pj 

ffit^y. st»©»ft+©ii«©#«i«**Mi=<T<j 
[0090] ttz. *mmfcmzm&zfa-y^y kt? 



4. *<Dtz#). ar/h^ahtfWRTllW&Hfltefc* 
[0 09 1] SIC. 7 U«fttro*U6l=-C ***:». a?S 
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